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NATICNALADVISORYCOMMITTEEFORAERONAUTICS

TECENICALNOTENO● 1269

METKODFORCALCUIATIliGWINGCHARAC!12ZRISTICS

BYLIFTING-LINETEEORYUSINGNONLINEAR

SECTIONLIFTIWZ4 .,

Z?yJamesC.SivellsandRobertH.Neely ,,

A methodispresentedforcalculatingwingchar@erieticsby
llfting-linetheoryusingnonlinearsectionliftdata.Rllterial
fromvarioussourcesiscomb?,nedwithsme originalworkintothe
singlecompletemthcddesoribed.Multhoppfssystemsofmultipliers”“
sreemployedtoohlmintheinducedangleofattackdirectlyfrom
thespanwisellftdistribution.Equationsaredevelbpedfor
obtainingthesemultfpli.ersforanyeven’numberofbpanwlse”stetionsj
andvaluesam tabulatedfortenstationsalongthesmispanfor
asymmetrical,synunetricaljandantisymmetricalliftdistribut”hns.“
Inordertominimizethecomputingtimeandtoillustratethe
proceduresinvolved,simplifiedcomputingformscontainingdetailed.
exempleseregivenforsymmetricalliftdistributions:similar
formsforasymmetrical.andantisynmetricelIiftdistribmtionsJ~~
althoughnotshown$canbereadily.constr+uctedinthesammannpr
asthosegiven.Theadaptationoftliemeth@forusewithUn6a.r‘
sectionlif%da.talsslsoillustrated,‘Thisadaptation“hasbeen
foundtorequirelesscomputingtimethanmostexistingmeth&lei...“ . . . .,,. ..... .

Thewingcharacteristicscalculatedfromgeneralnonline%
sectionliftdatahavebeenfoundtoagreemuchcloserwith
experimentaldatainthemgiw oftiimumlift‘coefficientthan”
thosecalculatedonthe&stiptionoflhear:~ectl’ciilifttives.
ThecalculationstiesubjecttotheWnttatlonsoflift:n~-line,theiory
endshouldnotbeexpectedtogiveaccurate‘results f“ti ting&”of ,
lowas~ectratiband’ldge“tiuitisofsweepi “

..
. ,.

INTRODUCTION ,.
,, .,

Thelifting-linetheoryisthebestknownandmbstreadily
appliedtheoryforobtainingthespanwiseliftdistr3.butionof
a wingandthesubsequentdeterminationoftheaerodynamicch.&racter-
isticsofthewingfromtwo-dimensionalairfoildata.Thecharacter-
isticssodeterminedareinfairlycloseagreementwithexperimental
resultsforwingswithsmallamountsofsweepandwithmoderate



—

tohighvaluesofaspectratio;forthisreason,thistheoryhas
servedasthebasisfora largepartofpresentaeronautical
knowledge.

Thehypothesisuponwhichthethecryis%asedisthata
liftingwingcanbereplacedbya liftinglir,eandthatthe
incrementalvorticesshedalongthespantrailbehindthewingin
straightlinesinthedirectionofthefree-streamvelocity.The
strengthofthesetrailingvorticesisproportionaltotherate
ofchangeoftheliftalongthespan.Thetrailingvorticesinduce
a velocitynormaltothedirectionofthefree-streamvelocityand
totheliftingline.Theeffectiveangleofattackofeachsection
ofthewingistherefcredifferentfromthegeometricangleof
attackbytheamountoftheangle(calledtheinducedangleof
attack)whosetangentistheratioofthevalueof’theinduced
velocityattheliftinglinetothevalueofthefree-stream
velocity.Theeffectiveangleofattackisthusrelatedtothe
liftdistrilnztj.onthroughtheinducedanglqofattack.Inaddition,
theeffectiveangleofattackisrelatedtothesectionLift
coefficientaccordingtotwo-dimensionaldatafortheairfoil
sectionsincorporatedinthewing.Bothrelationshipsmustbe
simultaneouslysatisfj.edinthecalculationoftheliftdistribution
ofthewing.

Ifthesectionliftcurvesarelinear,theserelationships
maybeexyremedbya singleequationwhichcanbesolvedanalytically.
Ingeneraljhowever,thesectionliftcurvesarenotlinear,
particularlyathi@ anglesofattack,endanalyticalsolutions
arenotfeasible.Theruothodofcalculatingthespanwiselift
distributionusingnonline~sectionliftdatathusbecomesoneof
makingSuccessiveapproximationsoftheliftdistributionuntil
oneisfoundthatsimultaneouslysatisfiestheaforementioned
relationships,

Suoha methodhasbeenusedbyWieselsberger(reference1)
fortheregionofmaximumliftcoefficientandbyBoshar(reference2)
forhigh-subsonicspeeds.BothofthesewritersusedTanits
systemofnnil.tipliersforobtainingtheinducedangleofattack
atfivestationsalongtheserniepanofthewing(reference3).
Tani,however,consideredonlythecaseofwingswithsymmetrical
liftdistributions.Multhopp(reference4),usinga somewhat
differentmathematicaltreatmentfromthatwhichTaniused,derived
systemsofmultipliersforsymmetrical, antisymmetrical,and
asynunetricalliftdistributionsforfour,eig},t,”andsixteen
stationsalongthesemispan.Multhopp:sderivation,inslightly
differentformandnomenclature,ispresentedhereinandtables
aregivenforthemultipliersfortenstationsalongthesemispan
(the‘usualnumberofstationsconsideredinmanyreportsinthe
UnitedStates).
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—

●

f

●

#

— —



.

?

NACATNNo.1269 3

Forsymmetricaldistributionsofwingchordspdangleof
attack,themultipliersforsymmetricalliftdistributionsmaybe
usedwithnonlinearorlinessectionliftcurves.Foraaymnetrical.
distributionsofangleofattack,themultipliersforasymmetrical
liftdistributionsmustbeusedifncnlinm.r sectionliftcurves
areused.Ifenasymmetricaldistributionofangleofattackcanhe
brokenupintoa symmetricalandanentisyumetricaldistribution,
theentisymmetricalpartmaybetieatedseparatelyifthesection
liftcurvesmu beassumedtobelinear.

Thepurposeofthepresentpaperistoconibinethecontribution
ofMulthoppendseveralotherwriters,togetherwithsomeoriginal
work,intoa singlecompletemethodofcalculatingthelift
distributionsandforceandmomentcharacteristicsofwings,using
nonlinearsectionliftdata.Simplified.computingformsaregiven
forthecalculationofs-trical liftMstributionsendtheiruse
isillustratedbya detailedexa?qple.Theadaptationofthemethod
forusewithlinearsectionliftdataisalsoillustrated.No
formsaregivenforasymmetricalorentisymmetiicalliftdistributio~
inasmuchassuchformswouldbe veryshailartothosegiven.
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free-streamv910ctty
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“wingprofile-dragcoefficient

wing.induceiklragcoefficient

sectionprofile-dragcoefficient

sectioninduced-dragcoefficient
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chordpoint

wingpitchingmoment

wingrolling+cmentcoefficient“(L?/qS)

wingrollingmoiient

winginduced-yawing-momentcoefficient

wingprofile-yawing+ncmentcoefficient

angleofattackofany“~ectionalongthe
toitschcmdline

—.

,

r
. . .—

wingdrag

wingpitching+nomentcoefficient(M/qSct)

secticmpitching+aomentcoefficietiabout section.quarte~
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angleofattack
line

angleofattaok
llftline

seotionInduced

effectiveangle

ofroot section

ofrootsection

angleofattack

referredtoitschord

referredtoitszero

cd?a%lxickW anysection

seoticman& ofattackfortw-dimsnsiowl.airfofls

angleofzeroliftofanysection

angleofzeroliftofrootsection

wingangleofattackforzero lift

geometricangleoftwistofanysectionalongthespan
(negativeifwashout)

aerodynamicangleoftwistofanysectionalongthespsn
(negativeifwashout)

geometricangleoftwistoftlpseotd.on

aerodynamicangleoftwistoftipseetdon

winglift-ourveslope,perdegree

sectio~lift-curveslope,perdegree

( )

TwwHmensionalZift-ourvoslope
Edge-velocityfactor

coordinate(~/b)

coefficientsintrigonometricseries

nniltiFlierforinducedez@e ofattack
distributions)

multiplierforinducedangleofattack
dist~ilnltions)

multiplier#onirfhwe~angle& qttack
distributions)

(symmetrical

(antis-trical,.
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?m multiplierforlift,drag,andpitchi~ornentcoefficients
(asymmetricaldistributions)

7 multiplierforlift,drag,andpitching+zmmenteoefficicntmras (symmetricaldistributions)

um multiplierforrolllng-end.yawing+nomentcoefficients
(asymmetrical.distrihtions)

C7ma multipl+.e~forrolling-momentcoefficient(antisyrmnetricel
distributions)

E edge-velocityfactor
( )
semiperimeter

span

Subscripts

max ma%imum value ,.

al Valuefor

b value for

()c%+~valuefor
(’)C*1 valuefor

for
the

T’HI!IORETICXLDWELQ?MENTOFME1’lIOD

additionallift (CL= 1)

basiclift (CL=0) .,,

constantvalueof ~
s

givenva’lue’of~t~ :
.. ,“,, ,-,-f..

LiftDistributiw . ~b.,;

!l?hemethodsO$l’W (re~erc+nce3) azu3.Multhopp(reference4)
determiningtheinducedangleofattackerefundamentally
sane,differingonlyinthemathematicaltreatment.The

. m_
—

methodpresa~ted.he~einisessentiallythesameasthatgiven .-
by&hlltkO~~QInthef’ollowi~&ari.vation-thespanwiselift
distributionisexpressedasthetrigonometricseries

● —
.-

x

-.
~= )

~ sinnf3., (1)

asinreference~,where13isdefinedbytherelationcost3= ~,,.
Itmaybenotedthateaohcoefficient~, asusedhereti,iEIeq&l
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timesthecorrespond@gc~fficientinreference5. The
sngl.eofattack(indegrees)ata pointFL onthelifting

Thisintegral(indifferentnomenclature)was@venby Prandtlin
reference6. Ifequation(1)issubstitutedintoequation(2)end
thevariableisch&ged
atthegeneralpointG

%=

from”y to e, theinduce~engleof-attack
becomes,accordingtoreference~,

(3)

Theproblemofobtainingtheinducedangleofattackisthusreduced
taoneofdeterminingthecoefficientsofthetrigonometricseriee.

Theliftdistribution(equation(1))msybeapproxhatedby
a finitetrigonometricseriesof r - 1 termswhere,forsubsequent

Czc
usage,r isassumedtobe even.Thevaluesof — attheequally

h
spacedpoints19= ~ intherange0< 6’<R tieexpressedas

r

(4)

Clc
wherem = 1,2,3,, . ., r -1. Conversely,ifthevalues of ~

arelmownateachpointthecoefficients& ofthefiniteseries
maybefoundbyharmonicanalysisas

(5)
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Ifequation(5)ISsubstitutedinequatfon(3),a double
sunmationisobtainedfor theinducedangleof“attiaokas

-–(z3?-1
q(e) = 180

4SIstn6
n=

~ theinducedan@eofattackistobedeterminedatthesane
Qoinise atwhichtheloaddistrthuthnisknown,thatis,atthe
pointsQ = *, tlnen

where

%k= 180
4m sin%

(6)

r-1

[ 1Tn cosn_-cosn QQQmM (7)
A&i r r

Itcanbeshownthat,

“.~. “
r,cos(r)_nco8 n@= -l)ff- (r-l) COS+l

n=i . 2(1- Cos@)

If Coe# + 3,

.

—

.—

,
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Xff= 0,a numericalseriesisobtained

9

Byuseof’theserelationshipsinequation(7)itisfoundthat,
when kAm isodd . . .

when k = m

. .

andwhen kkm isevenand k#m

Fora synmetrioalliftdistribution

and

(8b)

(8c)

.,
sothatthesummationfor cqk needstobemadeonlyfrom
1 to r/2
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where,when k~m i~~d —

—

=- 180
m(cos ~+1)

whenk=m

bk=%k

andwhen kkm isevenand k#m

Foranantisynmwtrical13ft&istribution

(lOb)

.

f

(1OC)

.

(ma)

—
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and

Inthiscasethesunmmtionfor ~k needsto be tie my froml

to(~- 1) since &)r,2 = 0; them

;-1

7mk=%k-&n,k

180r 1 1 7

when k = m,

andwhen k~m isevenand k+m

xi

(11)

(12%)

(12-b)

Multiplierscamthusbe calculated so thattheinducedangle
maybereadilyobtainedbymultiplyingtheknownvaluesof ~
bytheappropriatemultipliersandadtingtheresultingproducts.
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Thennltipllersareindependentoftheaspectratioandtaperratio
ofthewing.CRiblesI and11presentvaluesof ~, end~~
and 7ti,res~ectively,for r = 20. sitiI.mtablesfor ~&ds

and $~y~ aregivenin references7 and8,respectively,but
noderivationisgiventherein.Tablesfor ~L80%’ %%’ ‘d &&
aregiveninreference4 forvaluesof r = 8,16,and32. M
inspectionoftables1 and.IIshowsthatpositivevaluesoccuronly
onthediagonalfromupperlefttoluwerr~ht andthatalmosthalf
ofthevaluoaareequaltozero,Themultipliers~ and ~
maybeusedwitheithernonlinearorlineersectionliftdatawhereas
themultipliersfor 7~ maybeueedonlywithlinear section
liftdata.

Themethodofdeterrdningtheliftdistributionbecomesone
ofsuccessiveapproximations.Fora givengeometricangleofattack,
a distributionof cl isassumedfromwhichtheloaddistri-
bution~ isobtained.Theinducedangleofattackisthen
determinedb~equation’(6),(9), or (11) throughtheuseofthe
approp~ietemultipliersandsubtractedfromthegeometricangle
ofattacktogivetheeffectiveangleofattackateachspexwi~e
station.I&cmsectiondatafortheappropriateairfoilsectionand
localReynoldsnumber,valuesof Cz arereadwhichcorrespond
totheeffectiveangleofattackofeachsection.Ifthesevelues
of c~ donotagreewiththoseoriginallyassumed,a second
assumptionismadefor Cz andtheprocessisrepeated.Further
assumptionsaremadeuntiltineassumedvaluesof Cz areinagreement
withthoseobtainedfromtheseotiondata.

WingCharacteristics

Oncetheliftdistributionofa winghasbeendetermined,the
mainpartoftheproblemofcalculatingthewingcharacteristics
is’cmqleted.Theinduced~agandinduced-yawing-momentcmfficients
areentirelydependentupontheliftdistributionanditisassumed
thatthesection~ofile-drsg”andpitchi~mmentcoefficientssre
thesamefunctionsoftheliftcoefficientateachsectionofthe
wingasthesedeterminedintwo-dimensionaltests.

..

—

.-

r

,

—
ThecalculationofeachofthewingcoefficientsInvolvesa

spanwiseintegrationofthedistributionofa puticular.
‘2
[

functionf ~). Thisintegrationcanbeperfomnednumerically
throughtheuse ofadditionalsetsofmultiplierswhicharefound
inthefollowingmanner.
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If

then

()q =f(cos (3)=2-.%sinnf3

.ZL#1

Sincethevaluesof {)
2T~ a-edeterminedatthepoicts6 =~,

r
Al canbefound.byharmoaicanal~sisasinequation(~)

r-1

2\ f~msinw
‘l=F L() r

m=l

Therefore

m=l

where
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Ifthedistributionissymmetrical,f(~.)m= f(&)= and

(133)

where

uThemomentofthedistributionf $ canbefoundina similar
manner.

/

1

-1 ‘(?!)(59 )sinne sin

=EA
42

=)+‘yf($Y)m(’Jm

l?l=l

e Cos 0

(14a)

.-

.

.

,
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where

JL~~2wL% = & r

Ifthedistributionisantis-trical, f(%).= -f(%)r*

{lkb)

where

‘ma= 2am

Valuesof qm,qm, am,andam aregivenintableIIIfor r = 20.

Wingliftcoefficient.-Thewingliftcoefficientisobtained
bymeansofa sFanwiseinte~ationoftheliftdistribution,

/

b/2

%=$ Gzcdy

-b/2

Iftheliftdistributionisasymmetrical
.

-- -
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Iftheliftdistributionissymmetrical

Induced.-dr%coefficient.-Thesection—..——
isequal.totheproductofthesectionlift
inducedangleofattackinradians,

NACA~NO. 1%9

induced-dragcoefficimt
coefficientandthe

Thewinginduce&lragcoefficientisobtainedbymeansofa spanwise
integrationofthesectioninduced~agcoefficientmultipliedby
thelocalchard;

Pb/2
%i=$I Yrc?,cy

180 0

d-b/2

Forasymmetricallift distrilxrticms

r-l

IcDL=2&
n.1=1

Forsymmetricalliftdtwkrilnztions

r/2

(16a)

(16b)

*

.—.-

.

v
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Pi-ofih-dr agcoefficient.–Thesectionprofile-agcoefficient.— ——— —
canbeobtalnectfromsecttcmdatafortheappropriateairfoilsection
endlocalReynoldsnumber.Foreachspqawisestaticmtheproflle-
dragcoefficientisreadatthesectimliftcoefficientprevicmsly
determined.Thewingprofile-dragcoefficientisthenobtained
bymeansofa sp,anwiseintegrationofthesectionprofile-drag
coefficientmultipliedbythelocalchord:

b2”P/

.

L1

Forasymmetricalliftdistributions

orforsymmetricalliftdistributions

(17a]

(lp)

Pitchin~ment coefficient.-Thesectionpitching-moment
coefficientaboutitsquarter-chordpointcanbeobtainedfrom
sectiondatafortheappropriateairfoil.sectionandlocal
Reweldsnumber.Foreachspanwisestationthepitching-moment
coefficient1sread at thesectionliftcoefficientpreviously
determinedandthentransferredtothewingreferencepointbythe
equation

.

—
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wherex and z we measuredfromthewingreference point tothe
qusrter-ohordpointofthesectionunderconsiderationandup}7erd
sadl)~cki~ti farces anddistemcesaretakenaspositive.The
sectionpitching-mmeatcoefficientaboutitsaerciQnamiccentermey
beusedinsteadof ~/4~ in whichcme x and z aremeamred
tothesectionaerodynamiccenter.Thetermc~ sin(as- ~) may
usuallybeneglected,Thewi~gpitchin~nt ccmfficientisobtained
bythespe.nxzleeintegration

/

b/2
cm = .-& Om C2”dy

-b/2

Forasymmetricalliftdistributions

Fors~mmetricalliftdistributions

Rol.linR-momentcoefficient,-TherolMng-mozMnt.———
is obtainedbymeansofa sp~wiseIntegration

.

.4

?

*.
.—

(lgb)

coefficient .
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/)b/2

.

Foran

=-,/:?%4%9

antisymmetrical liftdistribution

Induced-yawin&nmmentcoefficient.– ~heinduced-yawing-——
mcmentcoefficientisdue tothemomentoftheinduced-drag
distribution, -. ,“- :’, : .. ..,:..

~bjg :“

‘.

,, .. -,. -:,.

..
,.:. . .

. .

,, ,., .,
.“.

.,.

%)m’%..,.

(2Gb)

(21)

.-, .- ,.

.-
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Theinduced-yawing~ntcoefficientforanantisymmetrfcallift
distributionisequal.tozero andhaslittlemeaninginasmchas
theliftcoefficientisalsozero.Theinduced-yawing-moment
coefficientisa functionoftheliftandrolling-momentcoefficients
andmustbefoundforasymmetricalliftdistributions.

profile-yawing-momentcoefflcient.-Theprofile-yawing-
momentcoeff3.cientisduetothemomentoftheprofile+rag
distribution,

c .L
no ~ J c~ocydy

-b/2

= F(y)ma.iiizz
... .---- --

APPLICATIONOFMETHODUS~ NOI’fJj-SECTIONLIF’I!DATA

FORSYMMETRICALLIFTDISTRIBUTIONS

(22)

Themethoddescribedisappliedhereintoa wing,thegeometric
characteristicsofwhicharegivenintableIV. Onlys~etrical
liftdistributionsareconsideredhereinafterinasmuchasthese
arebelievedtobesufficientforillustratingthemethodof
calculation.Thelift,profile-drag,andpitching-mcmentcoefficients
forthevariouswingsectionsalongthespanwerederivedfrom
unpublishedairfoildataobtainedintheLangleytwo-dimensional
low-turbulencepressuretunnel.Theoriginala$rfoildatawere ‘
cross-plottedagainstRe~oldsnumberandthioknessratioinasmuch
asbothvariedalongthespanof’thewing.SsmplecurveOaregiven
infigures1 and2. Fromtheseplotsthesectioncharacteristics
atthevsriousspanwi.sestationsweredeterminedandplottedinthe
conventionalmanner.(Seefig.3.) Theedge-velocityf’actmE,
derivedinreference9 faranelllptic wing,hasbeenappliedto
thesectionangleofatta~kforeachvalueofsectionliftcmfftcient
asfollows: #

.

.—

,
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LiftDistribution

Ccnnputationoftheliftdistributionatanangleofattack
of3° h shownIntableV. Thistableisdesignedtobeusedwhere
themultiplicationisdonebymeansofa slideruleorsimple
calculatingmachine.Wherecalculatingmachinescapableofperforming
accumulativemultiplicationareavailable,thespacesforthe
individualproductsincolumns(6] to (l~),maybeomittedandthe
tablemadesmaller.(SeetablesVIIandVIII.) Themechanicsof
computingareexplainedinthetable;however,themethodfor
appr~imatingtheliftcoefficientdistributionrequiressome
explanation.Theinitiellyassuuedlift-coefficientdistribution
(column(3) of firstdivision)canbetakenasthedistribution
givenbythegeometricanglesofattackbutitisbestdetermined
bysomesimplemethodwhichwillgivea closeapproximationtothe
actualdistri?mtion.TheinitialdistributiongivenintableV
wasapproximatedby

whereC2(a) Istheliftcoefficientreadfromthesectioncurves
forthegeometricanglesofattack.Thisequationweightsthelift
distributionaccordingtotheaverageofthechorddistributionof
thewingunderconsiderationandthatofanellipticalwing ofthe
sameaspectratioends~an.Whentheliftdistributionsateeveral
snglesofattackaretobecomputedandaftertheyhavebeenobtained
fortwoangles,theimltialassumedCZ distributionforsubsequent
emglescanbemoreaccuratelyeatinatedinthefollowingmanner;
Valuesofdownwashanglearefirstestimatedbyextrapolatingfrcnn
valuesfortheprecedingwingangles,andthen,fortheresulting
effectiveanglesofattack,theliftcoefficientsarereadfromthe
sectioncurves.

Theliftcoefficientsincolumn(18)oftableV,readfrom
sectionliftcurvesfortheeffectiveanglesofattaok,willusually
notchecktheassumedvaluesforthefirsta~proximation.In
ordertoselectassumedvaluesforsubsequentapproximations,
thefollowings~plemethodhasbeenfoundtoyieldsatisfactory
results.AnincremmtalvalueofliftcoefficientACzm isobtained
accordingtotherelation(numbersinparenthesisarecolumns
intableV):
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. .

whereK hasthefollowingvaluesatthespanwiaestations

&.”””
l)’

o to 0.8910 8 to10

.9511. 11to 13

99877 14to 16

amd 718)- (3)]mi.s’thedifferencebetweenthecheckandassumed
values-forthe mth spanwisestation.TheIncrementalvaluesso
determinedereaddedtotheassumedvalues inoydertoobtainnew
assumedvaluestobeusedinthenextapprmimation.Thismithod
hasbeenfoundj.npracticetomakethecheckandassumedvalues
convergeinaboutthreeapproximationsifthefirstapproximation
isnottoomuchinerror.

.

WingCoefficients

—

.

..—

.
*

Computationsofthewinglift,profile-dreg,induced-drag,
andpitching-momentcoefficientsareshownIntableVI. Sincethe
lateralaxisthroughthewingreferencepointcontainsthequarter-
chordpointsofeachsection,the x ‘andz di.stancesin
equation(18) are zero,andthepitchin~omentcoefficientof
thewingisdeterminedsolelybythevaluesof ~c/4.

APXZICATION”OFMETEODUSINGLINEARSEC?TIONLIFT

FORSYMMETRICALLIXTDISTRIBUTIONS

Althoughthemethoddescribedherein wasdeveloped
Yorusewithnonlinear.seotionliftdata,itisreadily

DATA

.-

particulerly,
atiptable

forusewithlinearsectionliftdatawitha resulting-reductionin
computingtimeascomparedwithmostexistingmethods.Whenthe
sectionliftcurvescanbeassumedlinear,itisusuallyconvenient
todivideanysymmetricalliftdistribution(asinreference10)
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intotwoparts- theadditionalliftdistributionduetoangleof
attackchemgesandthebasicliftdistributionduetoaerodynamic
twist. Thecalculationoftheseliftdistributionsis illustrated
intablesVIIto X forthewing,theg-trlc characteristicsof
,yhichweregi~enIntableIV.

ItshouldbenotedthattablesVIIandVZIIareessentially
thesameastableV butaredesi~edprimarilyforuse with
calculatingmachinescapabloofperformingaccumulativemulti-
plicaticm.Ifsuchmachinesarenotavailable,thesetablesmay
be,constructedsimilartotableV toallowspacesforwritingthe
individual.products.

LiftCharacteristics

Twoliftdistributionsarerequiredforthedeterminationof
thea&ditimalardbasicliftdistributions.Thefirstoneis
obtainedintableVIIfora cons”hntangleofattack~s (6’F O)
andtheseccmdonein tableVIIIfortheangleofattackdistrl~:~ion,
dueto the aerodynamictwist (MS = 0]. The checkvaluesof

(column(18)) areobtainedbymul.tlplyingtheeffectiveangle
of attack~ b~ ~.

()

Thefinalaplwmimetionsareentered
tableIXas ~ and

(–)
C7C

b/ -b
;%~) (c~~)”

-L
-b

in

The
()
~ distributionisthe
b (%5)

correspondingtoa wingl.lftccefficierit

additional.liftdistributlm

%ms) determinedin
tableECthroughtheuseoftinemultipliers‘~: Itisusually

convenietittousetheadditionalliftdfstributton~ caresponding
toa wingliftcoefficientofunity.Thisdistributionisfound
bydividingthevaluesof

()
:E
b (%~)

by %(%).
..-. . ..-.

C7.C
..

()

:’
The %- (e~’)distributionisa co?ibinationofthebasiclift

distributionandanadditionalliftdistributioncorrespondingto
a wingliftcceffi.cien.t~(gt,~ alsodetermined

basiclfftdistribution~“ ISthendete~.~d
Clalc

additionalliftdistribution‘b— CL(~tr)‘om

in table LXm The

by subtractingthe

()

cc2
-r (Et’)”
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Inasmuchas thewingliftcurveis assumedtobe linear,It is
definedbyitsslopeend~gle ofattackforzeroliftwhichar6
alsofoundintahl.eIX. Themaxinmmwingliftcoefficientis

—

estimatetiaccording tO themthcdofreference10whichisillustrated
infigure4. !IMmaximumliftcoefficientisccmsideredtobethe
wingliftcoefficientatwhichsomesectionofthewingbecomes
thefirstto~’eachitsmaximumlift,thatis, CZb+ % cza~= cl~
Thisvalueof
minimumvalue

%

of

ismoatconvenientlydeterminedbyfindingthe
%2.- c~~ alongthespanasillustratedintableIX.-.

‘Zal

Induced-DragCoefficient —

Thesectioninduced-dragcoefficientisequaltothepr~uct
of
in

thesectionliftcoefficientandtheiriiucedangleofattack
radians.Theliftdi~tribution

Thecox?respondiag
writtenas

inducedangleof

foranywingliftcoefficientis

Czbc
C’-L+T (23)

attackdistributionmaybe

%+%~ (24)

determinedintableX inthe

cla~c
mm manneras — ~d ~ intable~.

?) Theinduced-drag

distributionistherefme

.

—

,,

.

,
or

Cdidc Cdidbc cdibc
S@&=_
b

C’L2+ b CL+=—
b

(25)

—

I
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where

and

c2alc%~=— . +
b b 57*3 b 57.3

%iibc
—=
b

Thecalculationofeachof

Czbc%b——
b 57.3

theseinduced+lragdistributionsis

(26)

(27)

.(28)

illustratedin tableX togetherwiththenru&icalintegrationof
eachdtsteibutiontoobtainthewingtiduced-dmagcoefficient.

?rofile-WagandPitching-McmmntCoefficients

Theprofile-dragandpitching+nomentcoefficientsforthe
wingdependdirectlyuponthe sectiondataandthereforetheir
calculationisthesem whetherlinearornonlineersectionlift
dataareused.Forthelinearcasethesectionliftcoefficientis

forenywingcoefficient~. Byuseofthisvaluefor Cz the
profile-dragandpitching+nomentcoefficientsarefoundasin
tableVI.

DISCUSSION

Thecharacteristicsof threewingswithsymetrfcallift
distributionshavebeencalculatedbyuseofbothnonlinearandlinear
sectionliftdataandarepresentedinfigures togetherwith
experimentalresults.ThesedataweretakenfrcmreferenceI-1.
Theliftcuzzvescalculatedbyuseofnonlinearsectionliftdata
areincloseagreementwiththeexperimentalresultsoverthe
entirerangeofliftcoefficientswhereasthosecalculatedbyuse
oflinearsectionliftdataare in agreementonly over the linear
portionsofthecurvesaswouldbeexpected.
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Itmustberememberedthatthemethodspresentedaresubject
tothelimitationsoflifting-linetheoryuponwhichthemethods
srebased;therefore,theclo~eagreenentshowninfigure~ should
notbeexpectedforwingsoflowaspectratioorlergesweep.
Theuse oftheedge-velocityfactormoreorlesscompensatesfor
someoftheeffectsofasyectmtio and,infact,appeerstooveim
compensateatthelargervaluesofaspectratioasshowninfigure~.

Additionalcmparisorma~calculated~.dexperimentaldata
aregfveninreferenceU forwingswithsymmetricalliftdistributions,
butverylittlecomparabledataareavailableforwingswith
asymmetricalliftdistributions.Suchdataarevery desi%able
inordertodeterminethereliabilitywithwhichcalculateddata
maybeusedtopredictexperimentalwingc@racteristics.

LangleyMemorialAeronauticalLaboratory
Nai~ofi~Atvi~oryC-tteefor Aeronautic

Lar@eyField,V&.Deceniber’20,1946

—
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TABIX I.- IUDUC2D-AKOLE-OF-A’FI!ACK ~TlpLm fJmk FOR A2YMY2TRICAL LIFI DISTBIBOTIOM-

Fk ‘A R% ~1

g

n

-o. 156!+ P

-O”T ‘“Y -O”:;10 -O”? -“”T -“r -O”:? ‘00::0 11 1:
2

-0.9877 19 915.651 -166.985 0 -7.019 0 -1.401 0 -0.486 0 -0.250 1 0.9877 g
-.9511 18 -329.e59 463.533 -12? .749 “ -7.43e o -1.792, 0 -0.701 0 2 .9511 .

-.e910 17 0 -ma .336 315.512 -96.737 0 -7.073 0 -1.920 0 - .819 3 .e910 t+

-.eo90 16
E

-26,374 0 -L25,~6 243 .69~ -81.067 0 “-6.6@o o -1.~ o 4 .8090 a

-.7071 15 0 -17.020 0 -$q. &ll 202.571 -71,139 0 -6.391 0 -2.026 5 .7071

-.5878 & -7.246 0 -L? c604 0 -el.3y2 177.”!4! -64.735 0 -6.228 0 6 . me

-.4s013 0 -5.166 0 -10, L26 o -71.296 160.761 -60,725 0 -6.192 7 .4540

-.3090 12 .2.95e o -4.022 0 -e. y36 o -64.817 1501611 -5@.514 o 8 .3090

-.1564 11 0 -2.241 0 -3.322 0 -7.’$34 0 -60,768 lh5.025 -57 ,e12 9 .1564

0 19 -1.460 0 -1.8c4 o -2.965 0 -6.950 0 -58.533 43,239 10 0

.1361+ 9 0 -1.155 0 -1.518 0 -2.554 0 -b .530 D -57 cm 11 -.1544

.3090 e -.810 0 -.946 0 -1.319 0 -2. *O o -6,288 0 12 -.$o$1o

.4540 7 0 -.&6 o -,800 0 -1.176 0 -2.192 0 -6.19.2 13 -.49+0

.plll 6 - J167 o -.530 0 -.691 0 -1.06e o -2,092 0 4 -.5878

.7071 5 0 -.368 0 -.441 0 -.604 0 - .9el o -2,026 15 -,70’71

.8090 4 -.261 0 -.291 0 -.366 0 -ye o -.903 0 16 -.8090

.891o 3 0 -.192 0 -,225 .0 -.297 0 -.432 0 -.819 17 -.8910

.9511 2 .118 0 - .1P o -.161 0 -.224 0 -.361 0 18 -.9511

.9877 1 0 -.060 0 -.069 0 -,090 0. -.133 0 -.230 19 -.9877

1 2 3 b 5 6 7 8 9

.987 7 .951 1 ,891o .8090 .7071 . *7e J@” .3090 .1564 0 2
b

a Vnlue O of k at top to be used with values of m ut left side. NATIONAI.ADVISORY
CC#MlllEEMA ASSONAUTKS

avnluea of k at bottom to be used flith vuluda of m at right side,



TAEL2 II.- INDUCED-ANSLE-OF-ATTACK MDLTIPLIKRS ~ mk FOR SYNM2TRICAL LIFT DISTRIBOTIOU2 MD Y* FOR MM!19WN2TEICAL %
LIFl DISTRIBUTIOIJS

NoLTIPLllR2 x* ‘%, =g (y)mA&

0.156!+ 0.3090 0.4540 0-5578 0.7071 o.eogo

:0 9 e 7 6 5 4

o.e910 0.9511 0.9877

3 2 1

0 10 U3 .239 +3.533 o -6.950 0 -2.e65 o -1.804 ‘0 -1 ,k68

0.1564 9 -115.624 145.025 -67 .29e o -10.158 0 -IJ.Uo o -3.394 0

.3090 e o -64.e02 150.611 -67.157 0 -9.916 0 -4.968 0 -3.768

.L~o 7 -12.3* o -62.917 160.761 -72 .b72 o -10.926 0 -5.812 o“

. 5e7e 6 0 -8 .PO o -65.803 in.o~ -82.085 0 -13.134 0 -’1.713

.7071 5 -4.051 0 -~ .372 0 -71.743 202.571 -97.965 0 -IT .X8 o

.e090 4 0 -2.880 0 -~ .208 0 -81.434 243.694 -=59557 o -26.635

,e910 3 -1.638 0 -2.371 0 -7.3’70 0 -96.962 315.5L2 .m. pe o

,9511 2 0 -1.o62 0 -2.016 0 -7.599 0 -122 .e80 463.5ss +3.29.976

.9877 1 -0.459 0 -0.620 0 -1.491 0 -7.089 0 -167.*5 913.651

$( )
0 acMULTIPLIERSyd alk =

*- Tim Tmk

.1564 9 11+5.025 +!+.237 o -5,*9 o -1.B@ o -1.087 0

.3090 e +2.226 150.611 -62.477 0 -7.277 0 -3.q6 o -2.lJ17

.4540 7 0 -58.533 160.761 -70.120 0 -9:326 0 -4.519 0

.yne 6 -4.136 0 -63 .66e 177 .Oq+ -80.701 0 -12 .qh o -6,779

.7071 5 0 -5,410 0 -70.555 202.571 -97 .o& o -16.651 0

.8090 k -1 .071+ o -6.132 0 -8$J.701 243.694 +4.955 o .26.113

.8910 3 - 0 -1 JL60 o -6.775 0 -96.51-2 315.512 -180.45 0

.9511 ‘2 -.AO o -1.567 0 -7.277 0 +22 .619 463.533 -329.741

.9W-7 1 0 -.353 0 q.~~ o -6.950 0 -166.926 915.651

NATIONALAOWSORY
WITTEE n EMnAlrrKs
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TABLEIII.- WING-COEFFICIENTMULTIPLIERS

2
+

m % %s cm o-ma

-0.9877 19 0.01229 -0.00607

-.9511 18 .02427 -.O1l*

-.8910 17 .03066 -.01589
-.8090 16 .04616 -.01867
-.7071 15 .05554 -.0196~

75878 * .06354 -.01867
-.4540I13 .06998 =01589

*07470 %01154
.07757 I -.00607

0 10 .07854 0.07!354 o 0i
.07757 .15515 .006070.01214
.07470I .14939 ●oll~ .02308

.4540[ 7 .06998 .13996 .01”589.03177

.5878I 6 .06354- .12708 .01867.03735

.7071 5 .05554 .11107 .01964.03927

.8090 4 .04616 .09233 .01867.03735

.8910 3 .03066 .07131 .01589.05177

.9511 2 .02L2T .048 ~ .01154.02508

.9877 1 .01229 .02457 .00607.01214
NATIONAL ADVISORY

COMMITTEEFORAERONAUTICS



TABLE ILC.- GEOMETRIC CHARACTERISTICS OF WING .

Twr rofio, c~/ct * Root section NACA @O

Aspect ratio, A 10.05
Span,b, ft 15.00

EIZ;iti *, g:~-

FIX tapered wings wlfh strolght-line olememfe from rmt to oormtructlon tip

(Alter values of C/C~ nvor tlp 10allow far roan&gl (US8Valw of c#$ before roundhgNP]

NATIONAL ADVISORY
COMk!llTEE F~ AERONAUTICS

. .
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TABLE~ .- CALCULATION OF LIFT OISFUBUTION FOR~ w~NG:

Thirda!mroxlma?km

(
o

143Z.%14AA331 n

z. M? W291 I

UAz?LlAI I 1.07 I w I m, I 6a I $9 I 61 I 70 I 80 I 1.*Z I

at+xnbefs appearingk, pxmthasasdenatt calumn mmnbar.
IfATIWMAOVMY

canm2Era AwwLmC2



TABLE n.- Calculation OF WING COEFFICIENTS FOR EXAMPLE WING.”

[A. ~; a,= 3.00 ]

(1) (2) (3) (4) [5) (6) (7) (8) (9) (lo) (11) (12)

Mm@iirs
&

b ‘?ms
y J%, 573b%” c, c~e

-+- - cm S’- ‘.&
(Tobky ) (Tabla~ (3)x (4) (Table~) ‘S;:;g (TablelY) (7)X (8) ‘s%!%) (Totde II) Oo)x(ll)

o 0.076’54 o.~lo 1.55 0.1101 0 J+97 0.0077 1.435 0.0110 -0.0L3L 1.$132 -0.156

0.1564.15515.06701.12 .0750 .517 .00781.300 .0101-.0811.586 -.L28

.3090 ,14939.0608 .91 .0553 .522 .00761.169 .0089-.0811.282 -.1*

.4540 .13S96.0537 974 .0397 .516 .0076 1 .~ .Oqs -.o82 1.022 -.o&

5878 .12708 .0463 .60 .0278 .500 .0076 .929 .Oql ‘.085 .809 -.069

.7071 .11107 .0394
● 59 90232 479 ●0076 ●826 .0063 -.090 A+o -.058

.8090 ,09233 .0326 .62 .0202 .443 .0076 .739 .0056 -.092 .512 -.047

.8910 .07131 .0256 .70 .0179 .385 .0076 .668 .0051 -.092 .l@8 -.038

.9511 .04854 .0183 .99 .0181 .299 .0076 .616 .0047 -.092 .356 -.033

.9877 02457 .0098 1.37 .O1* .221+ .0079 .439 .0035 -.091 .I.81 -.016

CL = As$2)x [3)]= .o*490 co.= =[(2) x (9)1* 0.0077

Cq = A 42)x (5~]/57.3 ‘ ~ cm m 42) x @ -0.084

0N,,,mhnm.....”!4..1. ----- ,ln..&,.-l..-. -.-l.—,.-,,,.,.,, a “pp-”, ,,,g ,,, pwulluOuu WIwm WIUIIUI Iwll-.. NATIONAL ADVISORY
COMMITTEE ~ AERONAUTICS

w
w

. . .
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TABLES!JI - CALCULATION OF LIFT DISTRIWTION FOR ~ WINGI /.0”



TABm.- CALCULATION OF LIFT tHmlBuTION FOR — VfINGI Eas-OO.

.

1,



i“

.

TABLEIX - CALCULATION OF LINEAR LIFT CHARACTERISTICS FOR mm WING,a ~

Cl

(1)

0

0.1s64

3090
f1540

.!5876.

.7071

.8090

.8910

,9511

.9B77

w
10.00 ah. ‘3*9° 1

(6) (7) (8) (9) (lo) (11) (12)

I as (L=O)=~?as+ ‘O~(L.t3)c ~ma ~mln. value. In (12) . 1.37 =~
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TABLE X.- CALCULATION OF INOUCED - DRAG COEFFICIENT FOR EXA~M WINGa
4

[.= 10*O5
} cWIa~)’

0.833 ;C /= -0”0’79
‘(c,) 1

(1) [2) (3)

o 007854 2.060

0.1564 .15515 la
.3090 .14939 l.q~

.4540 13996 1 *uyi

.5878 .12708 1.162

.7071 11107 1.2~o

8090 ,09233 1 ,~92

.9910 .07131 2.111

.9511 04854 3.=

.9877 ,02457
i

J1.f@-

(4)

aial

3VC
‘klaJ

(5) (6) (7) (0) (91 (lo) I [11) (12)

I I I I I I

‘57.3C4 c

b

(4)X(8)

0,3777)

4?!d@_

_d5!5a

lyi9

_dm_

.1268

J&5a

-_&a

16??

___u5&dhibC57.?XdibC

b b

:4M9M7M8) (7)X(91

++Q-Q-l
--=-+-+

● 00?2 I .0

- .Ola .0002

-.@8 .0009

NATIONAL ADVISORY a
COMWITEEF@ AERONAUTICS

g
.

I 0.0322 c:. 0.0003 c,+~ +
R

❑hbora qwau-hq In pawithews Mate cokmnn rxanber9.
a

. . .
.
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Fig. 4 NACA TN NO* 1269
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